In view of the great importance of phagocytosis in protecting the body against infection and in producing antibodies, the authors paid particular attention to phagocytosis in their electron microscope studies of tissues obtained from hard chancres in rabbits with syphilis and from testicular membranes in rabbits with yaws.
The nature of the phagocytosis by particular cells is described, as is the fate of the micro-organisms thus trapped.
Our previous papers (Ovcinnikov and Delektorskij, 1969, 1970) reported on the interrelationship between treponemes and cellular elements. This paper represents a continuation of these studies.
Phagocytosis is one of the most important factors in the body's defences against infection. According to the definition of the founder of the phagocytic theory, Mecnikov (1884) , ' the human and animal organism uses phagocytosis for the resorption of tissue elements, blood, and exudates, and also for the destruction of microbes, including those which produce infectious diseases '. Phagocytosis should not be looked upon as the culmination of the struggle between microbe and macro-organism. It represents the beginning of that struggle, the nature of which depends on the immunological activity of the body and on the condition of the Treponema pallidum organism (its viability, the production of L-forms, encystment, etc.).
In essence all our drugs prove efficient only when they interact with the protective mechanisms of the host. The subsequent work of destruction is carried out by the cells of the body. In the initial stages of an infection, phagocytosis plays an extremely important role in the transmission of antigenic information and in bringing immunological processes into play against the infection.
As the syphilitic process develops, so the role of phagocytosis in the body's fight against the infection becomes more important, making a study of this Received for publication December 12, 1971 This work was done with financial support from the World Health Organization phenomenon extremely valuable. It is clear that the fate of the micro-organism will differ according to the cell which carries out the phagocytosis.
As a result of the possibilities offered nowadays by electron microscopy of ultrathin sections of various materials, it has become possible to investigate this phenomenon more thoroughly.
The method of investigation has been described in previous papers and is essentially unchanged.
According to various authors, diffuse infiltration by mononuclears, mainly lymphocytes and plasma cells, is encountered in syphilis. In the lesions caused by yaws strains, the reaction is similar in nature but considerably less marked.
In all yaws lesions myxomatous changes were also found but were not so intense as in syphilis. 'To sum up ', wrote Turner and Hollander (1957) , 'the histological features of the localized and generalized lesions of framboesia in rabbits present striking resemblances to those of syphilis in the same animals'. They inclined to the view that the ability of the various treponemes to produce hyaluronic acid varied and that this property might serve as a criterion for differentiating between strains. Mecnikov (1923) also paid special attention to the study of phagocytosis in spirochaetal diseases. In particular, he wrote that, because in relapsing fever the spirochaetes disappeared from the blood after a very short time and no phagocytosis could be detected in man during this process, the pattern of relapsing fever was for some time considered to be a serious objection to the phagocytosis theory. However, after several monkeys in various stages of illness and convalescence had been killed and examined, he found that the disappearance of the spirochaetes was caused by phagocytes with polymorphous nuclei or microphages.
During an attack, the bulk of the spirochaetes move freely in the blood and only a few of them are captured by the blood microphages. More vigorous phagocytosis occurs in the spleen. It is only in the stage preceding the temperature crisis that the capture of spirochaetes by phagocytes takes place on a 228 British J7ournal of Venereal Diseases considerable scale. The destruction of the relapsing fever agents inside phagocytes can thus be demonstrated, but the death of these bacteria in the blood plasma has never been observed. 'When the disappearance of spirochaetes from the blood at the crisis in both man and monkeys is being observed it can be seen that they are highly mobile and morphologically unchanged'.
'Phagocytosis, which plays such an important role in recovery from relapsing fever, is also a good weapon against chronic spirochaetosis. Many research workers have noted widespread phagocytosis with spirochaetes (Ehrmann, 1906; Gierke, 1906 Gierke, , 1907 Levaditi, 1906; Levaditi and Roche, 1907) . It is specifically the microphages which play the main part. This provides a simple explanation for the fact noted long ago that in syphilomata there is always a considerable predominance of mononuclears' (Mecnikov, 1951 (Ado, 1961) .
In this paper we shall not touch on debatable or already settled problems, such as the effect of the medium on phagocytosis or theories of the phagocytic process, e.g. physical, neuro-endocrine regulation, etc. Although this is directly connected with phagocytosis it is common to all infections, and the problem is either already partly solved or is highly debatable.
Mecnikov (1884) (1) The approach of the phagocyte to the substance which is to undergo phagocytosis; (2) The attraction stage; (3) Absorption; (4) Digestion.
(1) The approach stage can be seen clearly in Fig. 1 . , . . . . . . particle is simply isolated and sometimes even multiplication takes place. This further progress of phagocytosis depends above all on the phagocytosing cell and the object undergoing phagocytosis. The beginning of phagocytosis by a monocyte (Fig. 11) , a mesolymphocyte (Fig. 12) , and a plasma cell (Fig.  13) Bron §tejn (1922) demonstrated 'endocytobiosis' in regard to gonococci and this was experimentally confirmed by Ovcinnikov, Bohonek, and Litvak (1934) .
When treponemes multiply inside a neutrophil, the cell perishes. The freed treponemes are qualitatively quite different, it seems, from treponemes which have not been phagocytosed. As a result of phagocytosis they have been exposed to various hydrolytic enzymes contained in the granules and their treponemal activity has been reduced. In repeat phagocytosis of these treponemes, the reaction of the cells and the treponemes is different again. It appears that the neutrophils digest well treponemes which have been weakened, for instance by penicillin, but do not destroy unchanged live treponemes. That is why in some neutrophilis the treponemes are well lysed, while in others they are completely unaltered. Possibly, however, the duration of stay of the treponeme inside the phagosome plays a part.
While neutrophils participate in phagocytosis, particularly in the later stages of existence of a chancre, we hardly ever saw treponemes phagocytosed by microlymphocytes. On the rare occasions when treponemes were seen inside a microlymphocyte they were unchanged.
A more frequent observation is the phagocytosis of treponemes by monocytes (Fig. 11) . A monocyte is considerably larger than a microlymphocyte. It has a horseshoe-shaped nucleus, placed eccentrically. In the nucleus chromatin is not abundant but is gathered in clumps round the periphery. The nuclear membranes are well marked. The ribosomal apparatus is poorly developed. There are a considerable number of vacuoles, vesicles, and granules. The Golgi apparatus is represented by single vesicles. The mitochondria are half destroyed. The treponeme phagocytosed by the monocyte is partly lysed.
The phagocytosis of Treponema pallidum and Treponema pertenue by plasma cells is of great interest. The plasma cells are particularly interesting because it is mainly in them that antibody formation takes place (Nossal', 1966 
Phagocytosis in syphilis and yaws 239
As a rule T. pallidum and T. pertenue keep their clear-cut morphological structure in the plasma cell, together with all the features characteristic of treponemes (Figs 5, 7, 10, and 13). The impression is gained that treponemes inside plasma cells undergo little or no change.
In the cytoplasmic part of the outer nuclear membrane there are numerous ribosomes.
In addition, the treponeme is usually contained in what appears to be a casing. It must be assumed that this is elaborated by the cell and not by the treponeme.
It is only occasionally that treponemes are visible in a plasma cell without a casing and with all their structural features intact, but some have undergone partial change. In some cases treponemes inside the phagosomal canal of a plasma cell lack an outer wall. They undergo some changes, which appear to be the beginning of lysis. The fact that in some cases treponemes are well isolated and unchanged, while in others they have no outer wall and have begun to be lysed can be ascribed to the different degrees of maturity of the plasma cells and their differing levels of activity. It must be assumed that antibody formation also differs in these cells. It is considered that, in the presence of antigen, the development of the endoplasmic reticulum is stimulated, as a result of which the nucleus is displaced into a corner of the cell. It must be noted, however, that even without antigen the endoplasmic reticulum is well marked in some cells. It may be assumed with the same degree of probability that this depends on the degree of maturity of the cell. The assumption is not yet proved. It should be noted that the overwhelming majority of cellular forms in hard-chancre tissue have an endoplasmic reticulum with a secretory type of structure.
In plasma cells, and particularly in the long-lived lymphocytes, encapsulated treponemes may be preserved for a long period and may be carried into distant organs and tissues which are difficult of access for antibiotics and antibodies, while antibody formation in these cells may continue for as long as the antigen continues to act as an irritant.
The fact that cells can again enter the blood stream and be carried into remote organs is well illustrated by Fig. 14 (detail 14b) , in which a treponeme (T) is clearly visible in a blood vessel near a long intracellular space (lymph sinus), connected with a cavity full of lymph. In the intracellular space there are a large number of treponemes which are possibly entering the blood stream through these lymph gaps. The treponeme in an endothelial cell (T") ( Fig. 14a) is isolated by three layers of membrane and, as it were, encapsulated. It must be assumed that a treponeme of this sort is better protected against external factors than the extracellular treponemes. The treponeme itself lacks an outer wall, but no other changes can be seen.
When the cells are destroyed once lysis has affected their whole structure, treponemes surrounded by a double membrane may be released and exist extracellularly. Figs 15 and 15a show fragments of a cell which has been affected in its entirety by lysis. The mitochondria are at the stage of disruption, but in some of them the cristae on the periphery are intact. In others there is only the external membrane and the cristae have already gone. In Fig. 15 the longitudinally-sectioned and cross-sectioned Treponema pertenue are apparently one and the same organism cut in different planes. The cross-sectioned portion (Fig. 15a) seems to be already outside the cell, whereas the longitudinally-sectioned part is still linked in some way with the cell as it undergoes lysis.
As the cell is further lysed the treponemes surrounded by the walls of the phagosomal canal, which gives the impression of a casing, will already be outside the cell.
We have already noted that, in most cases, a treponeme in a plasma cell lies along the cell's outer membrane. The by change. Fig. 17 shows a treponeme in a long phagosomal '1 canal. In the sector where there is a cross-sectioned treponeme it is easy to see the two layers of the outer wall, the cytoplasmic membrane, and the obliquelysectioned fibrils. Part of the longitudinally-sectioned treponeme (it must be assumed that it is the same as the one in cross-section) is partly lysed. (Fig. 18) . The mitochondria, which are greatly affected in these cells, also play some role in these processes.
In Fig. 19 a still unchanged Treponema pertenue is 0SjijiJ; ;..X J still clearly visible inside a phagosome, with which it has fused. A residual body is also present. The longitudinally-sectioned treponeme is in the hyaloplasm itself; it has lost its outer wall but so far no other changes can be seen.
The last type of cell we shall deal with is the fibroblast, which has a very characteristic structure (Fig.   9 @ ; Golgi apparatus is not very distinct. The plasma membrane is usually three-layered. The cell processes are elongated.
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The treponemes penetrate inside the fibroblast as r > +exf,a result of shallow invaginations in the peripheral zones of the processes, followed by encapsulation.
Inside the fibroblasts the treponemes preserve their morphological features (Fig. 20a) If a comparison is made between the pattern of phagocytosis of Treponema pallidum in early chancres and during chancre resorption, particularly in the course of treatment, it will be noted that in the first case the micro-organisms have a more clear-cut structure and have undergone fewer changes. The number of cells containing phagocytosed treponemes is small. All this bears witness to their activity.
In the second case there are many treponemes undergoing lysis inside the cells, as well as treponemes with clear-cut morphology. This indicates the presence not only of live treponemes but also apparently of weakened treponemes which are being lysed as a result of phagocytosis. After the administration of penicillin the number of cells with phagocytosed treponemes is considerably greater.
Conclusions
(1) The predominant type of phagocytosis at the beginning of the illness in syphilis and yaws is incomplete. When a chancre is resorbed, particularly during treatment, intracellular lysis of the treponemes -complete phagocytosis-is predominant.
(2) There is no sharp boundary between incomplete and complete phagocytosis except in the late stages, when the process of lysis is clearly marked.
(3) The chief part in phagocytosis in cases of syphilis and yaws is played by macrophages, followed (in order) by plasma cells, fibroblasts, neutrophils (in the late stages), and lymphocytes (to a small extent). 
Summary
In view of the great importance of phagocytosis in the control of infection, the phenomenon was studied under the electron microscope in rabbit tissue syphilomas and in foci of infection in yaws at different dates after infection.
The methods used have been described in previous papers.
No difference was found between phagocytosis in syphilis and in yaws. In the initial stage of syphilis incomplete phagocytosis predominates in rabbit chancre tissue but, when the chancre is being resorbed, particularly during penicillin treatment, complete phagocytosis is predominant.
The main participants in phagocytosis in syphilis and yaws are macrophages, followed by plasma cells, fibroblasts, neutrophils, and lymphocytes.
In plasma cells treponemes are quite often protected by membranes, apparently elaborated by the cell itself. Because of the special features of cell function, the cell produces antibodies and their transportation to remote organs may lead to persistence of the infection.
The process of capture of the treponemes does not differ substantially from that in other infections. The treponeme is seen to approach the phagocytosing cell and is then attracted, absorbed, and digested or isolated. The cell may also put out pseudopodia and use them to draw the treponeme inside itself. II ne fut pas trouve de difference pour la phagocytose entre la syphilis et le pian. Au stade initial de la syphilis, c'est la phagocytose incompkte qui predomine dans les tissus du chancre chez le lapin, mais quand le chancre est en voie de disparition, particulierement au cours du traitement par la penicilline, la phagocytose complkte predomine.
Dans la syphilis et le pian, ce sont les macrophages qui participent principalement i la phagocytose, suivis par les plasmocytes, les fibroblastes, les neutrophiles et les lymphocytes.
Dans les plasmocytes, les treponemes sont tres souvent proteges par des membranes apparemment produites par la cellule elle-meme. A cause des caracteristiques speciales de la fonction cellulaire, la cellule produit des anticorps et leur transport i des organes eloignes peut entrainer la persistance de l'infection.
Le processus de capture des treponemes ne differe gu&e de ce que l'on observe dans d'autres infections. On voit le treponeme se rapprocher de la cellule phagocytaire et etre alors attire, absorbe et digere ou isol6.
La cellule peut aussi produire des pseudopodes et s'en servir pour capturer le tr6pon6me. Le processus de capture, la nature de la phagocytose et le sort ulterieur du tr6poneme d6pendent du type de la cellule phagocytaire et de l'etat des treponemes.
